In order to understand cloud clusters and a meso-a-scale low, which were observed on the China Continent on 29 June 1998, numerical experiments are performed with a model which intends to resolve mesoscale organized convection, the effects of cumulus convection being incorporated as the subgridscale. The horizontal grid size is taken to be about 5 km for the fine grid area of the triply-nested grid model. The initial time for the numerical experiments is 00 UTC 29 June. Global analysis data (GANAL) of JMA is used as an initial condition, but two numerical experiments are performed, without and with slight reduction of low-level relative humidity of GANAL data.
Introduction
In a previous paper (Yamasaki 2002, referred to as Y02), cloud clusters associated with a Baiu front observed over Kyushu on 29 June 1993 were studied. An important feature was that cloud clusters were not directly accompanied with any low, and the clusters were formed and maintained in a latently unstable area, which was located about 500 km to the southeast of a synoptic-scale low. Both latent instability and the cloud clusters were maintained for more than 24 hours, and these propagated eastward (in association with northward drift of the Baiu front that was oriented in the east-southeast direction). In the present paper, cloud clusters that created a meso-a-scale low over the China Continent on 29 June 1998 are treated. This case is different from the previous case in some respects. Convective clouds were formed in a banded form. These produced a pronounced Meiyu front, and eventually a meso-a-scale low was produced. Behaviors of cloud clusters, or mesoscale convective systems, are very different in the two cases. As has been shown by a number of case studies in the past (e.g., Ninomiya 1981; Ninomiya and Akiyama 1971 , 1974 Ninomiya et al. 1988; Akiyama 1978; Akiyama and Ninomiya 1991; Takeda 1987; Yamada et al. 2003) , there is much variability in the behaviors of cloud clusters, mesoscale convective systems and mesoscale lows associated with Baiu/Meiyu fronts. Therefore, more comprehensive studies are needed, and should be continued in the coming years to get a unified understanding of the problem. This study is a step toward such a goal.
The reason why the case of 29 June 1998 is treated in this study is that an intensive observation of GAME/HUBEX* was made on the China Continent, the observation area being centered at Fuyang (33 N, 116 E), and many studies have been made on this case (Geng et al. 1999 Maesaka et al. 1999 Maesaka et al. , 2000 Maesaka et al. , 2002 Maesaka and Uyeda 2000; Kato and Geng 2000) . Although it is important to compare the results from the present study with those from these studies, it is not necessarily the objective of this study. As mentioned later, global analysis data (GANAL) of the Japan Meteorological Agency (JMA) are used as the initial conditions. The author feels that it is more important to understand behaviors of convective systems, a Meiyu front and a mesoscale low obtained for given initial conditions, and their mechanisms.
In this study as well as in Y02, the importance of examining horizontal distribution of latent instability and its time change is emphasized. As is well known, latent instability is defined as a situation that an air rising from a low level (in the subcloud layer) acquires positive buoyancy (presence of a level of free convection). Since the top level of convective clouds is approximately determined by a level where the rising air loses its positive buoyancy, positive buoyancy in the upper troposphere is important with respect to the cloud top, and also to the vertical scale of the disturbance (or vortex) that may be produced by an ensemble of convective clouds. More importantly, the author has rather emphasized the importance of examining buoyancy in the lower troposphere, particularly buoyancy in a layer of 2-3 km heights. This is based on an understanding (or idea) that the intensity of convective activities are strongly controlled by the low-level buoyancy. This has been also used as a basis for constructing a numerical model described later. Despite the probable importance of latent instability, this has not been necessarily taken into account or emphasized, even in recent studies on the Baiu/Meiyu fronts.
In some situations, convective instability may be more important than latent instability. Convective instability is defined as a situation that equivalent potential temperature (or moist static energy) decreases with increasing height. Convective instability is released only when an air with significant horizontal and vertical scales ascends and becomes saturated. It results in conditional instability; the lapse rates are between the moist and dry adiabatic. Since the air is saturated, convective motions occur. However, in general, this layer may be significantly different from the original layer of convective instability before its release. It appears to be important to recognize the layer where convective instability is actually released and convective clouds are formed. It is also necessary to identify the importance of convective activities on the formation and development of a disturbance (or vortex). As far as the previous and present cases are concerned, convective instability does not play an important role. The author has felt that, compared with convective clouds in the case of a warm front that accompanies convective instability, convective clouds in Baiu/Meiyu fronts are rather formed by latent instability before convective instability is released. Needless to say, one of the necessary conditions for release of latent instability is that upward motions are so strong (or maintained) that the air can ascend above a level of free convection. It appears that this situation is easily realized, at least, in some portions of a latently unstable area. Induced convective clouds tend to cause other clouds in their vicinity, owing to the self-organization mechanism of convection (Yamasaki 1983 (Yamasaki , 1984 .
Although the primary objective of this study is to understand cloud clusters and Meiyu fronts, another important objective is to examine how the mesoscale-convection-resolving model (MCRM) of Y02 behaves realistically for given initial conditions, not only for the previous case but also for the present case. This model was originally developed by Yamasaki (1986) , and used for more than 10 years, with its application to tropical cyclone problems in particular. The revised version (Y02), which is essentially similar to the original version, appeared to behave realistically under a given initial condition for the 29 June 1993 Baiu frontal case, which was previously studied by Peng and Tsuboki (1997) . The most important features of the MCRM are that the effects of cumulus convection are taken into account as the subgrid-scale and that the model intends to resolve mesoscale organized convection (abbreviated to MC). An MC, which can be identified as one of the important modes of moist convection (Yamasaki 1983 (Yamasaki , 1984 , is an organized form of cumulus convection, and it is considered as a basic element of a rainband, a mesoscale convective system or a cloud cluster. The author has used the term MC instead of the terms meso-g and meso-b (Orlanski 1975 ), which are not based on physical understanding of mesoscale organization of convection and the detail of the hierarchical structure. The time scale of MC is typically a few hours, but it can take a wide range from 3 to 10 hours. Because of implicit representation of cumulus convection, we can use a larger horizontal grid size such as 5-20 km, in contrast to 100 m-1 km for a cumulus-convection-resolving model. Although some of MC are not necessarily described appropriately by truncation errors due to a somewhat large grid size, the author has felt, through many numerical experiments, that the MCRM behaves more realistically, compared with other mesoscale models that do not intend to resolve MC. For further detail of the model, and the specific meaning of MC, the readers are referred to Y02 and meeting reports (Yamasaki 2003a, b) .
Model
A somewhat detailed description of the MCRM used in this study is given in Y02. The sigma ðsÞ coordinate is used with the top level pressure of 100 hPa, and the basic state surface pressure of 1,010 hPa. A significant difference between the models used in Y02 and the present study is the horizontal grid size. As mentioned above, the global analysis data (GANAL) of JMA is used as the initial condition. The data is provided every 5/4 degrees in the longitude-latitude grid. This data is converted to 1/2 degree data by linear interpolation, and it is used in the coarse mesh area of the triplynested grid model. The grid sizes of the medium and fine mesh areas are taken to be 1/6 and 1/18 degrees, respectively. In order to make medium and fine grid data, the coarse mesh area data is simply linearly interpolated. The grid size of the fine mesh area is about 5 km (15 km in Y02). Although the grid size of the MCRM is ideally 1 km*, the grid size of 5 km can describe essential features of MC, particu-* Many researchers have argued that a hydrostatic model becomes inappropriate when the horizontal grid size is small (about 5 km or less). However, in the MCRM in which small-scale motions such as cumulus convection are treated as the subgrid-scale, the use of a small grid size is not only justified but also rather desirable, in that it makes truncation errors (particularly, those resulting from non-linear advective terms) smaller. Although the phase velocities of smallscale gravity waves are very modified by the hydrostatic approximation, small-scale gravity waves are not much excited by MC. Even when these are excited, these scarcely affect the formation and behavior of MC.
larly for relatively large horizontal scales. As mentioned above, it is important to take account of the effects of cumulus convection even for a 5-km grid. The MCRM was developed so that MC might be simulated realistically, by taking account of these effects in a reasonable way, based on physical understanding. The coarse mesh area covers a region (70-160 E, 10 S-70 N). The medium and fine mesh areas cover regions (100-130 E, 15-45 N) and (112-122 E, 27-37 N) , respectively. The center of the GAME/HUBEX observation area is nearly placed at the center of the fine mesh area. The numbers of grid points at which vertical velocity and thermodynamic variables are defined are 180 Â 160, 180 Â 180 and 180 Â 180 for the coarse, medium and fine mesh areas, respectively.
The present model does not include an equation for the ground temperature. The temperatures of the ground surface and the sea surface are given as lower boundary conditions. In this study, the ground temperatures are approximated by the air temperatures at the lowest level, which are given by GANAL data. Although the surface heat flux is somewhat important to convective activity, it can be expected that this approximation for the ground temperature does not alter the essence of the results discussed in this paper. (Diurnal variation of convection in the present study is not significant.) In order to make the ground temperature errors smaller, GANAL data is used, not only for the initial time but also for the subsequent 24 hours. Since GANAL data is given at a 6-hour interval, linear interpolation with respect to time is used during the time integration.
Since latent instability distribution is one of the major interests, a definition of the quantity used in this study is given here. Precisely speaking, buoyancy of a rising air is affected by turbulent entrainment and dynamic entrainment. As described in Yamasaki (1986) and Y02, these effects are taken into account to determine buoyancy, because these are very important in the model. However, the following quantity is used, for simplicity, in the figures shown in later sections (without losing the essence of qualitative discussion);
where LIðpÞ is a measure of buoyancy that a rising air acquires at the level s corresponding to the basic state pressure p, h is the moist static energy, hðp r Þ is the value at p r , a level of the origin of a rising air, and Ã denotes the value in a case that the air is assumed to be saturated. Moist static energy is defined by
where T is temperature, z is height, q v is mixing ratio of water vapor, c p is specific heat at constant pressure, L latent heat of condensation, and g accerelation of gravity. The level p r is taken to be 925 hPa if the surface pressure is 1,010 hPa. This corresponds to a height of 700-800 m above the surface. If p r is taken to be 900 hPa and 950 hPa, the effect of compensating downward motion associated with subgridscale convection on the grid-resolved rising air is too strong, and too weak, respectively. The above value has been used as an optimum since Yamasaki (1986) .
Satellite images and initial condition
In the numerical experiments, the initial time is taken to be 00 UTC 29 June 1998. Numerical time integrations are made for 24 hours. Figure 1 shows infrared images from the Geostationary Meteorological Satellite-5 (GMS-5) at a 6-hour interval, from the initial time to 00 UTC 30 June. A cloud cluster is centered at (32 N, 112 E) at the initial time (Fig. 1a) . To its northeast, in an area including the observation area, a banded or somewhat arc-shaped cloud pattern is seen, and convective activities appear to be intensified (Fig. 1b) . This part of the cloud is of the major interest of this study. As for later stages, descriptions will be made later.
In order to anticipate and understand results from numerical experiments, it is important to examine the features of the initial field. Figure  2 shows the initial state obtained from GANAL data for a smaller portion (25-37 N, 105-125 E) of the model domain. Fuyang (33 N, 116 E) and the intensive observation area of HUBEX are located nearly at the center of the domain shown in this figure.
The pressure and wind fields at heights of 3 km and 1 km (above the sea level) are shown in Figs. 2a and 2b , respectively. Areas of the ground surface higher than 1 km are indicated by heavy lines in Fig. 2b . Fuyang is located about 500 km to the east of this area. A feature of the topography as seen in this figure has been considered as one of the important factors to mesoscale convective systems that form in the area under consideration. The pressure pattern at 1 km should be similar to the sealevel pressure pattern, which can be obtained by some assumption. It is probably better to see the pressure at 1 km, rather than the sea-level pressure; particularly in that we can see some feature of the topography and its relation to the wind field. It can be seen from Figs. 2a and 2b that a low pressure center (of the synopticscale) is located to the west of the observation area (and an area of observed major rainfalls). It is important to note that southwesterly flow prevails over this area and its surrounding. A significant convergence due to southwesterly and northwesterly (or northerly) flows that are typically observed in pronounced Meiyu/Baiu fronts, is not found at the initial time. Even any clear front does not appear to exist in the observation area yet at this time. As for the existence of a front, some remark will be made later.
One of the important features found in cloud clusters associated with Meiyu/Baiu fronts is the existence of relatively strong southwesterly (or south-southwesterly) flow to the south of the front (in the west-northwestern portion or the periphery of the subtropical high). In the present case, strong winds are found to the southwest of the observation area, although any clear front is not present to the west of 118 E at Fig. 2c . Winds stronger than 10 m s À1 are found in a large area. Winds near the surface are also strong. As is well known, strong surface winds contribute to much sensible and latent heat supplies from the ground surface, and to convective activity.
Two factors that the author considers particularly important to convective activity are horizontal distributions of latent instability and vertical velocity. Figures 2e and 2f show a measure of buoyancy that the air rising from a low-level (about 750 m above the ground surface) acquires at about 3 km and that at 1.8 km, respectively. This value is denoted by LI. It is seen that LI(3 km) is positive over a wide area, including the observation area. On the other hand, LI(1.8 km) is positive in a smaller area, and its center is located more westward compared with that of LI(3 km). Generally, an area of positive LI(1.8 km) is similar to that of LI(3 km). Therefore, it is usually sufficient to examine the latter only. How- ever, in this particular case, the former is significantly different from the latter. (As shown later, this significant difference becomes smaller as the time integration goes on. In this case, it is sufficient to see LI[3 km] .)
The positive values of LI(3 km) are closely related to lower temperatures at 3 km. The temperature field at 700 hPa is shown in Fig.  2d . A minimum temperature is located in an area around and to the east of the observation area. This temperature field at 700 hPa, and resulting latent instability, play an important role in convective activity in this area in a period of the subsequent 24 hours. As for LI(1.8 km), its pattern is similar to that of RH, relative humidity at 1 km, which is shown in Fig. 2i . This similarity does not necessarily hold in many cases. It is much more important to examine LI(1.8 km) rather than RH(1 km), in situations that convective activity is important. In contrast, it is more important to examine RH(1 km) when we want to predict (or anticipate) an area where grid-resolved condensation can take place.
In addition to LI, it is important to examine the vertical velocity field, which is shown in Fig. 2g . It is seen that vertical motions in the central area of positive LI(3 km), and in the eastern area of positive LI(1.8 km), are downward. Upward motions are found in the western portion of the former and the central area of the latter. From Figs. 2e, 2f, 2g and 2i, we can predict areas where grid-resolved condensation and convective activity may take place. As for the importance of the southwesterly flow mentioned above, the flow is very important in that it generally accompanies horizontal convergence and causes significant increase of latent instability through the surface fluxes.
It should be mentioned that the most intense upward motion in Fig. 2g is located in the western portion (near the western edge) of the latently unstable area. This area corresponds to an area of the sloping ground just to the southeast of the 1 km-height contour shown in Fig. 2b . The strong upward motion appears to correspond to the cloud cluster (its center: 32 N, 112 E) in Fig. 1a . However, this upward motion does not play an important role in the subsequent convective activity. Rather, as shown later, this strong upward motion from GANAL data acts to cause too intense convective activity in this area, which does not correspond to the observed cloud pattern.
The relative vorticity field at s ¼ 0:91 (about a 800-m height above the ground surface) is shown in Fig. 2h . The center of the large positive vorticity area nearly corresponds to the low pressure center, and the vorticity in the observation area is rather negative. This figure, and results from numerical experiments, indicate that the synoptic-scale vorticity field is not important to convective activity, though mesoscale vorticity field is created by convective activity and these are closely related in the model.
In the most part of this paper, results from another numerical experiment with a modified initial condition are described. As shown later, a somewhat strong vortex (mesoscale low) is created when the initial condition given by GA-NAL data ( Fig. 2 ) is used. In order to get a weaker vortex, the amount of the initial moisture at low-levels is reduced. That is, the upper limiting values are imposed on the mixing ratios of water vapor; 13, 15, 17 and 19 g kg À1 for those at 1.8, 1.0, 0.5 and 0.1 km heights above the ground surface, respectively*. The resulting relative humidity at 1 km is shown in Fig. 3d , which can be compared with Fig. 2i . It can be seen that relative humidities higher than about 80% are reduced. The corresponding LI(3 km) and LI(1.8 km) are shown in Figs. 3a and 3b. The area of positive LI(3 km) and the values become smaller. The positive values of LI(1.8 km) almost disappear. However, the upward motion makes LI(1.8 km) positive in a short time, and the pattern of positive LI(1.8 km) becomes similar to that shown in Fig. 2f .
The distributions of convective instability (estimated from the difference between moist static energy at 900 hPa and 700 hPa) are shown in Fig. 3e (case 1) and Fig. 3f (case 2). It is seen that larger convective instability is lo-cated at the northern and southeastern portions of the domain, and smaller convective instability is in an area of 30-33 N. In order to show why these patterns are obtained, relative humidity at s ¼ 0:66 (basic state pressure of 700 hPa) is shown in Fig. 3c . Moist static energy at 900 hPa (not shown) is larger in this latitudinal belt. These features indicate that the water vapor field at 700 hPa is more resposible for the above-mentioned feature of the distribution of convective instability in the present case. As shown by the satellite images of Fig. 1 , and as shown later by results from numerical experiments, the distribution of convective clouds is not closely related to convective instability but latent instability. It should be also remarked that even when the distribution of convective instability is similar to that of latent instability, it is not convective instability but latent instability that is considered as a good measure to explain convective activity associated with Baiu/Meiyu fronts in many cases, as mentioned in Section 1.
The important features of a Meiyu front and cloud clusters of the major interest of this study are, in the author's opinion, that the cloud clusters are not produced by dynamical forcing of a front but by latent instability which has existed in a large area, and that a clear front is produced by convective activity. It is likely that a weak front exists at the initial time outside the observation area. In the surface weather map produced by JMA (not shown), a front that extends east-southeastward from (35 N, 116 E) to southern Kyushu, (32 N, 131 E) is drawn. However, the cloud cluster treated in this study is located to the south (or southwest) of this front, and it does not appear to be directly controlled by its dynamical forcing. According to the satellite image of Fig. 1a , the cloud cluster under consideration is seen in an area to the south of 34 N and to the west of 119 E, centered around (33 N, 116 E) in the observation area. Corresponding to this, the existence of a distinct radar echo system has been reported by the observational studies. However, any observational evidence that indicates the existence of a clear front in this area does not appear to be available from published papers and reports. The distributions of moist static energy (or equivalent potential temperature) at and below a 900-hPa level (not shown), which are obtained from GANAL data, do not suggest the existence of any front in an area to the west of 118 E and to the south of 34 N*. Even if a front existed in the observation area, it is probable that the front was created by convective activity and that it was too weak to control convective activity significantly at the initial time. Therefore, the use of GANAL data is considered acceptable even in such a case.
As seen in Fig. 2a , a weak pressure ridge at 3 km is located at 120-122 E, and the center of the low is at 110 E. At 500 hPa (not shown), a pressure trough extends south-southwestward from (35 N, 115 E) to (29 N, 112 E). Since the temperature minimum at 700 hPa is located at 118 E, the trough axis tilts eastward with increasing height below a 500-hPa level. According to numerical experiments, this synoptic-scale trough in the middle and lower troposphere is quasi-stationary, and the westsouthwesterly@westerly flow prevails and persists in these layers over the observation area, though mesoscale modification due to convective activity and the formation of a mesoscale low is pronounced.
As for the initial fields of cloud water and rainwater, their mixing ratios are taken to be 0 in the numerical experiments, as in Y02 and many other numerical studies, though clouds are seen in the satellite image and the existence of significant amount of rainwater is evident from the observational studies.
Results

Formation of vortices and a mesoscale low
At first, comparison is made between the pressure field in the case of the unmodified moisture field (case 1) and that in the modified case (case 2). The pressure fields at 1 km in cases 1 and 2 are shown at a 6-hour interval in the upper and lower panels of Fig. 4 , respectively. The area shown (30-37 N, 112-122 E) is part of the fine grid area, which is much smaller than the area shown in Figs. 2 and 3. It is seen that the pressure fields are not much different at 6 hours. In both cases, the positions of small lows found at 12 hours are suggested from the pressure fields at 6 hours. At 12 hours, a small but strong low is found in case 1, whereas three closed isobars (for 1 hPa contour interval) are found in case 2. Corresponding to the pressure field, the wind field shows three * The distribution of moist static energy from GA-NAL data suggests that there may exist a front extending east-southeastward from (34 N, 121 E). This front corresponds to that drawn in the surface weather map, and is consistent with the satellite image of Fig. 1a . The existence of this front also appears to be consistent with the distributions of relative humidity (Fig. 2i ) and latent instability (Figs. 2e and 2f ). The relative vorticity field (Fig. 2h) suggests that there may exist a front extending east-southeastward from (35 N, 118 E), but not in the observation area where the vorticity is negative. weak vortices. The western, middle and eastern vortices (or closed isobars) are referred to as 'a', 'b' and 'c', respectively. Vortex 'a' forms at 8 hours and disappear after 21 hours, and 'b' forms at 10 hours and disappear at 17 hours. Vortex 'c' forms just before 12 hours, and this becomes a meso-a-scale low (hereafter, referred to as mesoscale low) at 15 hours. At 24 hours, mesoscale lows are found in both cases. Their positions are almost the same, and these are roughly in agreement with the position of a mesoscale low suggested from GANAL data. In case 1, the mesoscale low is intense at 12 and 18 hours. It is probable that this low is too intense compared with the observed low, though the actual central pressure is probably not clear, because it is small in this period.
Surface rainfall
In the following, horizontal cross sections of rainwater mixing ratio (rainfall intensity) and wind fields near the surface (the lowest level of the model, about 120 m height) are presented. The result obtained from case 1 is shown in Fig.  5 at a 3-hour interval from 3 to 12 hours, and at 18 and 24 hours. Figure 6 shows the result from case 2, at a 3-hour interval from 3 to 24 hours and at 2 hours. It is clearly seen that rainwater distributions are very different between cases 1 and 2. At 12 hours, three mesoscale convective systems associated with the three vortices (or closed isobars) can be found in case 2. The centers of the three closed isobars can be inferred from Fig. 6 . This inference can be confirmed by Fig. 4 . In case 1 in which only a single vortex (mesoscale low) exists, three convective systems as seen in Fig. 6 are not found. The three convective systems in case 2 have formed before 9 hours. A convective system corresponding to vortex 'b' is found until 18 hours, and the other two are still found at 24 hours. These three or two convective systems constitute a Meiyu front. Rainfalls in the observation area are continually maintained at least until 24 hours (00 UTC, 08 BST on 30 June) in both cases 1 and 2, which is consistent with observations (Kato and Geng 2000) . The central area of the mesoscale low at 24 hours is free from rainfall, and the major rainfall is found to the east of the low center, as has been observed in many mesoscale lows.
Stating about the early stage of the time integration, rainfalls begin to form before 1 hour, and the rainfall area expands with time. Weak rainfalls are seen in a large area at 2 hours in case 2 (and case 1, not shown). Upward motion and latent instability due to higher relative humidities at the initial time contribute to this rainfall. After 2 hours, relatively strong convective activity takes place in a banded form near the northern edge of the weak rainfall area in both cases. Afterwards, banded convection is separated, and one of the banded convective clouds propagates northward, as seen at 3, 6 and 9 hours. (Probably this propagating convection was not observed. This appears to be related to the initial condition that tends to cause convection with propagation property. The initial vertical motion field is not so adjusted with temperature and moisture fields, as in nature.) The other convective band remains near the northern edge of the weak rainfall area, and the three mesoscale convective systems become pronounced after 9 hours in case 2. The weak rainfalls which have been persistent in the southwestern portion of the figure, cease before 9 hours in case 1, and before 12 hours in case 2. Strong banded convection is seen in the northeastern portion (or near the edge) of the weak rainfall area that extends southwestward at 9 hours in case 2. Although this feature is not clear at 12 hours, this convection may contribute to the formation and intensification of vortex 'c', which becomes a mesoscale low later. This role of the banded convection may have a feature common to that discussed by Maesaka et al. (2002) . This problem will be discussed in subsection 4.6. In case 1, a small eye is seen at the low pressure center at 12 hours, though it disappears soon after 12 hours. As mentioned above, the southwesterly flow prevails in the area under consideration at the initial time. As suggested from the pressure field in Fig. 4 , and as shown in Figs. 5 and 6, the wind becomes to have an easterly component after 6 hours in an area to the north of the lower pressure belt or three convective sys- tems. A northerly component of the wind appears before 18 hours in an area to the north of the convective area. The pressure field at 18 hours (Fig. 4) indicates that the lower pressure belt (and a Meiyu front) has an orientation from the west-southwest to the east-northeast. At (21 hours and) 24 hours, northerly flow prevails in a large area to the north of the Meiyu front, as seen in Figs. 5 and 6. Obviously, convective activity that results from latent instability alters pressure and wind fields, particularly in the northern portion of the domain shown in these figures. It is certain that the Meiyu front has been created by convective activity in cases 1 and 2.
Latent instability and stabilization
The horizontal cross sections of LI(3 km) corresponding to Fig. 6 are shown in Fig. 7 . Hereafter, only results from case 2 are presented. As was mentioned, it is also important to examine LI(1.8 km) at the early stage, which is shown in Fig. 8 . In Figs. 7 and 8, LIs at 1 hour (2 hours in Fig. 6 ) are shown. Looking at Figs. 6-8, we can see that convective clouds (as well as stratiform clouds) form in the central area of positive LI(1.8 km) and in the western portion (near the edge) of positive LI(3 km). (As a matter of course, these are also located at an area of upward motion at the initial time.) The largest value of LI(1.8 km) is located to the west of that of LI(3 km) until 6 hours. The convective clouds correspond to LI(1.8 km) better than to LI(3 km) at this stage. The difference between the patterns of the two LIs becomes smaller as time goes on. Therefore, LI(1.8 km) after 6 hours is not shown.
As is well known, convective activity acts to suppress instability. At 12 hours, a latently stable area is clearly seen in the central area of the west-east-oriented, large convective system and an area just to its north. This stable area expands northward with time. After 20 hours it is latently stable in a large area to the north of the Meiyu front, which is oriented from the west-southwest to the east-northeast. In particular, the central areas of the mesoscale low and convective systems become strongly latently stable. It is emphasized that the Meiyu front, and the latently stable area to the north of it, are created by convective activity due to latent instability which prevails in a large area at the initial time. To the south of the front, latent instability becomes weaker gradually, and therefore, convective activity also becomes weak. Rainfalls in the observation area cease in a short time after 24 hours, which is in agreement with observations.
Some consideration on the mesoscale low
It can be understood from Fig. 7 that the easternmost vortex is intensified most among the three vortices. The most unstable air is located to the south of the eastern (not western) portion of the convective area. Although the easternmost vortex forms later than the other two, it is intensified, and it becomes a meso-ascale low. The distribution of latent instability, particularly LI(3 km) is a good measure for predicting strong convective activity (except for the early stage when LI(1.8 km) is very different) and formation of a mesoscale low. The eastward propagation of the most unstable area and the eastward movement of the convective systems are closely related. It should be also remarked that latent instability is also enhanced by meso-a-scale upward motion, which tends to be produced or maintained in an area to the southeast of the whole convective system and the pressure system, in association with southwesterly flow of low-level warm and moist air.
Whether a mesoscale low is created by convective activity depends on whether temperatures at low levels, such as 700 hPa, can rise. The upper panels of Fig. 9 show the temperature fields at 700 hPa at a 6-hour interval. As was mentioned (Fig. 2d) , a cold area is centered around and to the east of the observation area at the initial time. Although the lower temperatures contribute to convective activity at the early stage through latent instability, this cold area moves eastward, and a warm belt associated with convective systems oriented from the west to the east begins to form. At 18 hours, the eastern convective system shows a significant temperature rise in a small and nearly circular area in association with the intensification of the vortex. At 24 hours, a circular warm core can be clearly seen. In these later stages, the central area of the low is latently stable. Grid-resolved condensation, and adiabatic compression due to downward motions, play an important role in different areas (shown later).
The lower panels of Fig. 9 show the temperature field near the ground surface. A cold belt can be seen in the convective area, though the temperature anomaly is not so large as in the case of typical squall lines. It is obvious that cooling due to rainwater evaporation plays a significant role in the present case. This maintains strong convective activity, and vice versa. These processes are not necessary but favorable to the formation of the mesoscale low. At 24 hours, the most pronounced cold area is found to the northeast of the mesocale low center.
As evident from comparison with case 1, the intensity of latent instability is important to the formation of a mesoscale low, and its intensity. It should be also mentioned that convective activities in the neighborhood of a forming vortex (or low) act to suppress its intensification. This property is the same as that in the case of tropical cyclone formation. The three convective systems found at 12 hours in case 2 act to suppress the intensification of the other systems each other. As a matter of coarse, when the distance between convective systems (or vortices) is sufficiently large, the effect of supression of other systems becomes small or negligible. The convective system between the western and eastern systems decays first, and the western system decays subsequently. In case 1, several convections are organized as a single mesoscale system, and only one vortex is found at 12 hours (Fig. 4) . Although these properties can be qualitatively understood, it is not necessarily easy to predict which convective system grows most, and when it becomes a vortex or a mesoscale low.
In connection with the interaction of convective systems mentioned above, it should be noted that the distance between the three convective systems at 12 hours in case 2 is about 150-200 km (Fig. 6 ). This happens to be very similar to the wavelength of mesoscale disturbances which was emphasized by Matsumoto and Akiyama (1970) as a typical horizontal scale. This scale is also comparable to the distance between mesoscale echo clusters studied by Ninomiya and Akiyama (1974) . It can be suggested that the scale of about 200 km is the minimum scale at which mesoscale disturbances (or convective systems) can coexist under strong interactions. When the distance between the disturbances becomes larger (by suppressing others), the disturbance can develop more easily, and a meso-a-scale low is formed under favorable conditions. Although the relation between wind and pressure fields is by no means quasi-geostrophic for the 200-km scale (Rossby number: not significantly smaller than 1), the disturbances from this scale to about 1,000 km (or more) appear to belong to the same category in that these are quite different from MC (mesoscale organized convection) or some ensemble of MC in which the relation between wind and pressure fields is quite ageostrophic. In this sense the term meso-a can be used. In this paper, the term mesoscale low is used as implying a meso-ascale low with a horizontal scale of 500-1,000 km (or more). When the distance between lows is about 1,000 km, each mesoscale low can persist without significant interactions. This scale can be considered as the preferred scale of the meso-a-scale low, as has been known from observations. 4.5 Subgrid-scale and grid-resolved cloud water fields Since the temperature rise at low levels in convective areas depends on the total amount of subgrid-scale heating (including upward heat transport) and grid-resolved condensation heating (relative to adiabatic cooling due to grid-resolved vertical motion), it is informative to examine the cloud water field. Since the horizontal grid size is taken to be about 5 km, significant amounts of grid-resolved condensation can be expected. In this case, it is grid-resolved condensation at low levels that is most important to intensification of a vortex and formation of a mesoscale low. In order to see how gridresolved condensation takes place, relative humidities at 3 km and 1 km (above the sea level) are shown at a 6-hour interval in Figs. 10b and 10c, respectively. In areas where grid-resolved relative humidity is 100%, the mixing ratio of the total cloud water (including subgrid-scale cloud water) is shown. For easier reference, rainwater near the surface (Fig. 6 ) is again shown in Fig. 10d .
It can be seen from the figures that the three mesoscale convective systems at 12 hours are accompanied with grid-resolved condensation at 1 km and 3 km. At 1 km, grid-resolved condensation is widespread at the later stages, particularly to the east of the mesoscale low center and the south of these convective systems. (Some parts of grid-resolved condensation are stratiform condensation, and some are convective condensation associated with MC.) A more important feature is that an area of gridresolved condensation at 3 km extends southwestward in a banded form. Inside this area, a large amount of cloud water is centered at (32 N, 116 E) at 6 hours, and at (33.5 N, 117.5 E) at 12 hours. This corresponds to the northeastern portion of the banded area where convective activity also takes place. As mentioned above, this feature may contribute to the formation of the mesoscale low, though this is not a necessary condition.
Although grid-resolved condensation at low levels acts to produce a vortex if it is maintained, subgrid-scale convection acts to suppress the intensification of the vortex by upward transport of heat. It is important to take account of the effects of subgrid-scale convection in that too excessive (or unrealistic) growth of a vortex is suppressed. Another importance of taking account of subgrid-scale convection is found in case when grid-resolved field is not saturated. As is well known, heat may be released by subgrid-scale convection, and it may cause intensification of upward motions, MC, its group and even a vortex. Looking at banded convective systems (Fig. 10d ) at 6 hours found in the southeastern portion, and in the northern portion of the figure, it is unsaturated for the grid-resolved scale at heights of 1 km and 3 km. Generally, such convection does not produce a vortex or low.
The mixing ratio of subgrid-scale cloud water at 3 km, q c c (3 km), is shown in Fig. 10a. (The existence of subgrid-scale cloud water indicates that cumulus convection exists.) As mentioned above, rainfalls at 6 hours in the northern and southeastern portions of the figure are due to subgrid-scale convection. The rainfalls of the major interest of this study are also due to the subgrid-scale convection at the very early stage before 6 hours. However, these are due to both subgrid-scale and grid-resolved clouds afterwards. Relative importance of grid-resolved condensation for the mesoscale low increases with time. In particular, in an area to the east of the low center, grid-resolved condensation increases significantly (identified as stratiform condensation), as mentioned above.
The level of subgrid-scale cloud top is lowered in the later stage. The mixing ratio of subgrid-scale cloud water at 400 hPa, q c c (400), is shown in Fig. 11c . Subgrid-scale clouds scarcely exist in areas to the east of 118 E, 116 E and 119 E at 12, 18 and 24 hours, respectively. The mixing ratio of total cloud water (including the grid-resolved) at the same level, q c (400), is shown in Fig. 11b . Comparison with Fig. 11c indicates that clouds at 400 hPa to the east of the mesoscale low center are due to the grid-resolved condensation. This does not mean that subgrid-scale effects are not important to the mesoscale low. As seen in subgrid-scale cloud water field at 3 km (Fig. 10a) , subgridscale effects exist at low levels. This contributes to grid-resolved condensation, not only at low levels but also at upper levels through intensification and maintenance of upward motions.
The values of LI(400 hPa) at the initial time are very large to the north of 34 N (not shown). Therefore, the top of subgrid-scale convection in this area is very high at the early stage, as seen in q c c (400) at 6 hours. Afterwards, this area tends to be stabilized by convection in this area. In the southwestern portion of the figure (to the south of the Meiyu front), convection is scarcely seen at 12 hours, because latent instability is very weak, owing to convection before 10 hours. Afterwards, latent instability is created by grid-resolved upward motion. Convective activity starts again, as seen in q c c fields at 400 hPa and 700 hPa (3 km).
Total cloud water mixing ratio at 280 hPa, q c (280), is shown in Fig. 11a 12 hours is consistent with the satellite cloud pattern (Fig. 1c) in that clouds are seen around (33 N, 114-115 E), these extend in the eastnortheast direction, and other clouds are seen around (33-34 N, 118-120 E) . At 18 hours, the brightest area in the satellite image (Fig. 1d) is located around (33.5 N, 120 E), whereas mixing ratios of cloud water at 280 hPa and 400 hPa are largest at (34.5 N, 120 E); 100 km north of the observed. At 24 hours, two cloud areas are centered at 123 E and 117 E in the satellite image (Fig. 1e) . The former is rather a stratiform cloud located at the eastern portion of the mesoscale low, and the latter consists of several convective clouds which produce rainfalls still at 24 hours (08BST 30 June) in the observation area. Both are simulated by the model to some extent.
4.6 Stratiform rainfall and southwest-oriented rainband In this subsection, we discuss, in more detail, stratiform and convective rainfalls which are seen to the south of the west-east-oriented convective system. Figure 12 shows the mixing ratio of rainwater at the lowest level of the model (or surface rainfall intensity) at a 1-hour interval from 6 to 10 hours, and at 12 hours. The area shown is part of that shown in Figs. 4-11. As was seen in Fig. 6 , weak rainfalls are found before 10 hours in a wide area of the southwestern portion of the figure. These rainfalls are due to stratiform or convective clouds or both. We can see a somewhat strong bandshaped rainfall at the eastern portion of this weak rainfall area. This rainband moves eastward (or east-northeastward), and it may correspond to a line-shaped precipitating system discussed by Maesaka et al. (2002) . A peak of rainwater mixing ratio (referred to as cell S) moves northeastward at a speed of about 10 m s À1 . At 12 hours, this rainband has been absorbed into the west-east-oriented convective system. This convective system, which consists of three mesoscale convective systems at 12 hours, as mentioned earlier, has several (five) rainwater peaks at 6 hours. The easternmost rainwater peak (referred to as cell N) moves east-northeastward (together with other peaks). Cell S continues to approach cell N, and merges with cell N at 12 hours. The center of vortex 'c' (or closed isobar) is located just at the west of the merged cell. As mentioned in 4.2, there is a possibility that the rainband including cell S contributes to the formation of the meso-a-scale low.
In order to better understand the properties of the weak rainfall and the rainband including cell S, various fields at 6 hours are shown in Fig. 13. Figs. 13a, b and c (three left panels) show the grid-resolved field of relative humidity. The distribution of the cloud water mixing ratio is also shown in areas where relative humidity is 100%. It is seen that the grid-resolved field in the weak rainfall area is saturated over a deep layer above 750 hPa. That is, stratiform clouds exist in this area. At 280 hPa, strariform clouds exist not only in this area but also in a much larger area.
Convective clouds exist in the stratiform cloud area. Figures 13d, e and f show the subgrid-scale cloud water mixing ratio. About ten peaks of cloud water are found in the weak rainfall area at 700 and 550 hPa. Only one among these reaches a 280-hPa level. Others are confined below 350 hPa. The mixing ratio of the total cloud water at 700 hPa is shown in the right bottom panel. In areas where gridresolved relative humidity is 100%, this field is the same as that shown in Fig. 13c , and in areas where it is unsaturated, it is the same as that shown in Fig. 13f . (Convective clouds which propagate northward are seen in gridresolved unsaturated areas near the northern edge of the domain.) The differnce between the mixing ratios of the total cloud water and subgrid-scale cloud water indicates the gridresolved cloud water, which is due to gridresolved condensation and detrainment from subgrid-scale clouds. Clouds indicated by the total cloud water are stratiform clouds or convective clouds (more precisely, clouds as mesoscale organized convection, MC), or their mixture. A larger part of cloud water associated with MC within the west-east-oriented cloud system is grid-resolved cloud water. Although the amount of subgrid-scale cloud water is not large, the subgrid-scale effect is important. Figure 13h shows the rainwater field at 550 hPa. The pattern is similar to that near the surface (Fig. 12) . The stratiform rainfalls occur even in the middle layer. The grid-resolved vertical velocity at the same level is shown in Fig. 13g . It is seen that the vertical velocity is upward in a large area, which contributes to produce stratiform clouds. Relatively strong upward motions are associated with convective clouds (more precisely, MC). The isolines are drawn for 5, 20, 50 and 100 cm s À1 . Therefore, small fluctuations associated with MC are not necessarily expressed in the figure. A problem to be remarked here is concerned with the process and mechanism of the formation of the rainband including cell S. Gridresolved condensation occurs in a large area before 1 hour in a deep layer above 750 hPa. This is caused by upward motions, which take place over the large area, under relatively high relative humidity at the initial time. That is, stratiform clouds are formed in this area soon after the initial time. (The location of the stratiform cloud area is suggested from the rainwater field at 2 hours in Fig. 6 .) In addition, many convective clouds (MC) are formed in this stratiform cloud area because it is latently unstable in this area at the initial time, or latent instability is produced soon after the initial time. A convective cloud, which becomes cell S later, is formed at the southern portion of the area where many scattered convective clouds (MC) exist. This cloud moves northeastward, and becomes band-shaped before 5 hours. The low-level south-southwesterly flow contributes to the growth of the southwest-oriented cloud band by flowing into the band from the southeastern side. Although the temperature near the surface drops by 1-1.5 C during the first 2-3 hours after the initial time (not shown) because of evaporative cooling due to stratiform (and convective) rainfalls, the growth of the band-shaped convective cloud does not appear to be significantly enhanced by the cold pool (because the cloud is not located at an area of large temperature gradient but inside the cold pool area). This band-shaped cloud may be similar to a line-shaped precipitating system discussed by Maesaka et al. (2002) , as was mentioned. They attributed the formation of the line-shaped system to outflow of surface cold air produced by evaporative cooling due to stratiform rainfall, and attributed the stratiform cloud to southeastward advection of mid-layer cloud water associated with the convective system to its north. However, the midlayer flow is not west-northwesterly but westsouthwesterly in the present case (Fig. 13e) . It is unlikely that the stratiform cloud is due to cloud water advection from its north. As mentioned above, the stratiform cloud is produced by broad-scale upward motion in the present case. Figures 14a and 14b show the grid-resolved relative humidity and cloud water mixing ratio in saturated areas at 9 hours. The subgridscale cloud water mixing ratio is shown in Figs. 14c and 14d. It is seen that the northeastern edge of the convective band merges with the convective system to its north. The convective band is connected with a convective cell inside the convective system, though this feature is not clear in the low-level rainwater field (Fig.  12) . It is also noteworthy that the grid-resolved field in the northeastern portion of the band is not necessarily saturated at 280 hPa (Fig. 14a) . Three distinct peaks of the cloud water mixing ratio are found in saturated areas at this level. Figure 14e shows the temperature field near the surface. A cold pool is not pronounced in the convective band, but in the west-east-oriented convective system. Fig. 14f shows the total cloud water field. Stratiform clouds still exist at this time, though the stratiform area becomes smaller.
Comparison of Fig. 13 with the satellite image of Fig. 1b indicates that the cloud water field suggested from Figs. 13b and 13c appears to be similar to the observed. Although no satellite image is shown for 9 hours in Fig. 1 , it can be inferred from Figs. 1b and 1c that the cloud water field at 9 hours (particularly, at 280 hPa) is also similar to the observed.
Vertical cross section
Now we will show the vertical cross sections of various fields. At first, southerly and westerly components of the wind velocity are shown. In order to cover the polar westerly jet stream, the meridional cross section from 27 N to 47 N is shown. Figure 15 shows the southerly component (upper panels) and westerly component (lower panels) of the wind at 115 E at the initial time (left panels), and at 118 E at 12 hours (right panels). (The longitudes of the cross sections shown are different.) The cross section at 12 hours is chosen at the location of the easternmost vortex 'c'. It can be seen from Fig. 15 that the polar westerly jet is located around 200 hPa at 43-44 N. This is nearly stationary during the 24-hour period. The secondary westerly jet is seen at the initial time. It is located at 33 N (central latitude of the observation area). A strong wind axis extends downward and southward (29 N), but any distinct low-level velocity maximum that can be called a low-level jet is not seen at the initial time. In contrast, a wind maximum corresponding to a low-level jet can be seen at 12 hours. Taking account of the southerly component, southwesterly low-level jet can be identified. The southerly component is large below a 3-km height, and the westerly component is large in a layer of 1-3 km heights. The low-level jet of this type is similar to that discussed intensively by the studies for Baiu fronts in the 1970s (e.g., ). When we compare the southerly component at 12 hours with that at the initial time, we can see that an intense low-level southerly wind (also, westerly wind) and horizontal convergence due to the southerly wind are concentrated in and near the convective area of 33-34 N (Fig. 6) . The low-level jet is created and intensified by the Coriolis acceleration associated with the southerly wind, which is intensified by the pressure gradient force produced by convective activity. The wind fields at 18 and 24 hours at various longitudes are essentially similar to those in Fig. 15 .
As for the polar jet stream area, weak rainfalls occur in an area of 40-43 N just to the south of the polar jet, soon after the initial time in the model (not shown). Satellite pictures (Fig. 1) indicate the existence of clouds in this area. The southerly component of the wind at the initial time, and 12 hours, suggests upward motion in this area. Horizontal convergence below 700 hPa, and divergence in a layer of 200-400 hPa are clearly seen.
Returning to the rainfalls of the major interest of this study, the same meridional cross section as that in Fig. 15 (through vortex 'c', at 118 E), but only an area of 30-37 N, and at 12 hours, is shown for various fields in Fig. 16 . These figures can be better understood by comparison with Figs. 4, 6, 7, 9, 10 and 11 at 12 hours.
As shown in Fig. 6 , strong southsouthwesterly flow near the surface to the Fig. 15 . Meridional cross sections of the southerly (upper panels) and westerly (lower panels) components of the wind (m s À1 ) at 115 E at the initial time (left panels), and at 118 E at 12 hours (right panels). The area of 27-47 N is shown. The ordinate is the basic state pressure in the sigma-coordinate for the surface pressure of 1,010 hPa.
south of the rainfall area, and weak southerly flow to the north make horizontal convergence, which maintains convective activity and gridresolved condensation. A rainwater field is shown in Fig. 16a . Relative humidity and total cloud water in saturated areas are shown in Fig. 16b . In most portion of the intense rainfall area, it is saturated in the grid-resolved scale. As a matter of course, the grid-resolved vertical motion (Fig. 16c) is upward in most of the rainfall area.
The southerly component of the wind (Fig.  16d) indicates that not only the near-surface wind but also higher-level wind below 700 hPa strongly contribute to horizontal convergence. Upper-level divergence in the rainfall area, and southerly flow to its north are clearly seen. As mentioned above, a low-level westerly jet can be seen (Fig. 16e) . An upper-level westerly jet, which is located at 33 N at the initial time, shifts to 36 N by the effects of the Coriolis acceleration associated with the upper-level southerly flow.
The temperature perturbation field (Fig. 16f ) indicates that warming can be seen above about 750 hPa, and below 250 hPa. Low-level cooling due to evaporation of rainwater is most pronounced close to the northern edge of the rainfall area, as was also seen in Fig. 9 .
The distribution of LI (Fig. 16g) indicates that it is latently stable in the central portion of the rainfall area and an area to its north, as shown in Fig. 7 . In an area from 35 to 36 N, it is latently unstable, and scattered subgrid-scale cloud water (due to shallow clouds) are seen in Fig. 10 , but surface rainfall is not recognized. In an area to the south of the major rainfall area, it is still unstable. The values of LI are negative above 300-400 hPa. The distribution of moist static energy (Fig. 16h) clearly indicates that significant convective instability ðqh/qz < 0Þ exists below 700 hPa (except for the rainfall area). However, this instability does not play a significant role. The large convective instability found in 35-37 N is due to dry air in a layer of 600-800 hPa, which already exists at the initial time. The vertical gradient of the saturation value of moist static energy (Fig.  16i) is a measure of conditional instability (between dry and moist adiabatic lapse rates). Although conditional instability is an important factor for latent instability, it does not directly contribute to convective activity in a grid-resolved unsaturated layer. In the major rainfall area (33-34 N) , as is well known, gridresolved condensation and subgrid-scale convection contribute to significant reduction of conditional instability.
Concluding remarks
This paper describes the results from numerical experiments on the formation of mesoscale convective systems, a Meiyu front and a mesoa-scale low, which were observed on the China Continent on 29 June 1998, an intensive observation period of GAME/HUBEX. The global analysis (GANAL) data of the JMA (00 UTC 29 June 1998) is used as the initial condition. Discussions are made with an emphasis on the importance of latent instability.
Although the vertical velocity field given by the initial data is important to convective activities, particularly for the early several hours, buoyancy that an air rising from the subcloud layer acquires at a height of about 3 km is most important, as in Yamasaki (2002) and tropical cyclone cases. However, in the present case, buoyancy at a lower level (1.8 km) is significantly different from that at 3 km at the initial time. The large buoyancy at 3 km is due to lower temperatures, which are centered at 119 E (300 km to the east of the center of the observation area), and that at 1.8 km is due to higher relative humidities, which are centered at 113-114 E (200 km to its west). The latter is located 500 km west of the former. Weak convective activity at the very early stage takes place in the latter unstable area, and stronger convective activity shifts to the former unstable area as time goes on. As far as the present case is concerned, it is important to examine not only buoyancy at 3 km but also that at a lower level (1.8 km), to understand behavior of convective activity. In the later stages, however, this difference becomes smaller, and it is sufficient to examine buoyancy at 3 km, as in the author's past studies.
Two numerical experiments are performed in this study. In the original case in which GA-NAL data is used without any modification, a mesoscale low is formed, but it is probably too intense compared with the observed low. In the less humid case, a mesoscale low with a reasonable intensity appears to be simulated. Despite the different intensities, the positions of the mesoscale lows predicted at 24 hours after the initial time in both cases are almost the same. These are roughly in agreement with the position suggested from GANAL data.
In both cases, convective clouds are formed in a banded form, and a front that can be called a Meiyu front is also produced. However, corresponding to the difference between the intensities of the mesoscale lows, significant differences are found in convective activities in the two cases. In the original case, a single mesoscale convective system grows. On the contrary, in the less humid case, three mesoscale convective systems and vortices (or closed isobars) are found at 12 hours. Only the easternmost vortex develops, and it becomes a mesoscale low. A slight modification of the initial moisture field (latent instability) causes significant differences in the predicted convective activity and a mesoscale low, as expected. An important point is that the difference is not only quantitative but also qualitative, in that one or three mesoscale convective systems (closed isobars) are obtained at 12 hours.
One of the significant features of the present case is that convective activity takes a banded form in a relatively large area of latent instability, and it produces a Meiyu front. Latent instability becomes weaker, and eventually a latently stable area appears around and just to the north of the convective area. Afterwards, it expands northward. It should be emphasized that the latently stable area to the north of the Meiyu front in the later stages is not created by the synoptic-scale motion but by convective activity.
As mentioned above, the banded convective system consists of three mesoscale convective systems in the less humid case. Each mesoscale convective system consists of mesoscale or-ganized convection (MC). Behavior of each MC can be well traced from figures at a 1-hour interval. Although such figures are shown only for low-level rainwater (Fig. 12 ) in this paper, the behavior of each MC appears to be realistic. However, when we compare each MC with observations, no good agreement is identified. For example, time evolution of each of several meso-b-scale systems discussed by Geng et al. (1999) is not simulated (in the space-time section). This is mainly because any initialization is not made for the initial data, which does not include any mesoscale field (such as MC). This problem remains to be studied in the future.
According to the observational studies referred to in Section 1, convective clouds in the trailing portion of the mesoscale low (in an area to the west of the low) were successively formed and maintained, causing continual rainfalls in the observation area, at least, until 00 UTC 30 June. These features are well simulated. One of the features of the wind field was that the southerly wind was changed to the northerly wind in an area to the north of the rainfall area. Although this feature is not significant in Fig. 16 , it depends on the meridional cross section (location relative to the convective system), and time (evolution stage). An important point is that this northerly flow is not produced by the synoptic-scale motion, but by convective activity itself. That is, it is due to self-organization. At the later stages, the northerly flow area expands, owing to the whole system of the Meiyu front and the mesoscale low, which are produced by convective activity. As for the presence of latent instability, it was observed at 2 stations at least until 12 UTC 29 June (Kato and Geng 2000) , as mentioned in Section 4. More detailed comparisons with observations are not made, and left for future studies.
Numerical experiments have been also performed with the GAME re-analysis data as the initial condition. In these cases, the positions of the mesoscale low were predicted about 150 km more northwestward, and the rainfalls in the observation area (the trailing portion of the low) at the later stage were not simulated. The initial distributions of latent instability and upward motion from the GAME re-analysis data are very different from those from the GANAL data. This causes significant differences between the predicted fields in the two cases.
Finally, it is remarked that the present mesoscale-convection-resolving model of a 5-km grid is a very useful tool to understand mesoscale convective systems, a Meiyu front and a mesoscale low with a much smaller computer time, though further improvements of the model should be necessary.
